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FLIGHT TESTS AT TRANSONIC AND SUPERSONIC SPEEDS OF AN
ATRPIANE-LIKE CONFIGURATION WITH THIN STRAIGHT
SHARP-EDGE WINGS AND TATIL. SURFACES

By Clarence L. Gillis and Jesse L. Mitchell
SUMMARY

Rocket-powered models of & representative alrplane configuration
were flight-tested at the Lengley Pilotless Aircraft Research Division
testing station at Wallops Island, Va. The configuration tested had a
slender pointed-nose fuselage and unswept low-aspect-ratio wing and tail
surfaces with thin faired double-wedge airfoil sections. The Mach num-
ber ranges covered in the tests was from 0.5 to 1.k.

The results showed a positive change in trim normal-force coefficient
of ebout 0.4t (with the center of gravity at 16 percent of the mean aero-
dynemic chord) between Mach numbers of 0.8 and 1.0 for & consitant hori-
zontal tail setting. This change would amount to about 2.7g normal
acceleration for an airplane with a wing loading of 100 pounds per sguare
foot and at an altitude of 20,000 feet. The effectlveness of the hori-
zontal tail in changing the trim normal-force coefficient is about 60 per-
cent smaller at supersonic speeds than at subsonic speeds. A change In
tall deflection of about 5° in a trailing-edge-down direction is required
for level Plight as the Mach number increases from 0.6 to 1.0 and a
chenge of 3° in the trailing-edge-up direction 1s required as the Mach
number increases from 1.0 to l.k.

At a Mach number of 0.5 the trim lift-curve slope is about 0.08 and
the neutral point is at about 40 percent of the mean aserodynamic chord.
No such quantitative data were obtained at supersonic speeds, but the
data indicate that with the center of gravity at 16 percent of the msen
aerodynamic chord the model has positive longitudinal stability through-
out the speed range covered by the tests.

The directional stebility of the model appears to be adequate through-
out the speed range tested with & value of the directional stebility
paremeter CnB of 0.005 at a Mach number of 0.5, and 0.016 at a Mach num-

ber of 1.15.

The trim change and drag break both begin at a Mach mumber of 0.85
which agrees with wind-tunnel drag measurements for a wing similar %o
that used on the rocket models.
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INTRODUCTION

Many configurations of ailrplanes and airplane components have been
renge which includes the supersonic. Some data exist on the drag and
control effectiveness at zero 1ift of some of these components (refer-
ences 1 and 2, for example). There are few data on the 1ift and stability
characteristics at transonic and low supsrsonlc speeds of airplane con-
figurations using these components. As a part of a program to obtain

such data, rocket-powered models of a configuration representing a possible

supersonic airplane were flight-tested. The model had a slender pointed-
nose fuselage and unswept low-aspect-ratlo wing and tall surfaces having
thin faired double-wedge eirfoll sections. The models were flown with _
various fixed horizontal-tall settings and center-of-gravity positlons to
obtain informetion on the trim, stebllity, and control-effectiveness
characterlstlics at tramsonic a.nd low supersonlc speeds. This series of
models was the flrst for which the test technique described has been used.
Five models were flown at the Langley Pilotless Alrcraft Research Divislon
testing station at Wallops Island, Va.

SYMBOIS

CN noxmal-force coefficlent ( !;_n w(?)

8, w/s
Ce chord-force coefficient — =

g 4
Ch yawing-moment coefficlent
an normal acceleration, feet per second per second
a, longitudinal acceleration, feet per second per gecond
ay trensverse acceleration, feet per second per second

acceleration of gravity, feet per sqcond per second

M Mach number . . .
H total-head pressure, pounds per square foot
p free-stream static pressure, pounds per square foot
q dynamic pressure, pounds per square Ffoot (%pMe)
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¥ specific heat ratio (1.h0)

W welght

S wing area, square feet

c wing mean aerodynemic chord, feet

a angle of attack, measured from fuselage reference line, degrees

8 sldeslip angle, degrees

5] deflection of horizontal tall, measured from fuselage reference
line; positive in trailing-edge-down direction

% wing-tip helix angle, radians

t time from launching, seconds

Cng directional stability derivative (&Cn/dp)

Oy longltudinal stability derivative (dCy/dy)

Iy moment of inertia about y-axis, slug-feet

I moment of inertia about z-axis, slug-fee'b2

Cp drag coefficient (Cgcos o + Cyéin a)

Abbreviation:

TE trailing edge

MODELS AND APPARAYUS

A three-view drawing of the model is shown in figure 1. [JHE air-
frames were of dural and magnesium construction. The wings snd tall
surfaces were made of solid dural and the fuselege was of semimonogoque
construction with a stressed skin of magnesium. Fhotographs.of a model
wlth an angle-of-attack indlicator installed on the nose are showr;sin =
figure 2. : ;'

Models 2, 3, and 4 were flown with a vertical tail having an area“'
25 percent greater than that shown in figure 1. A sketch of thse enlarged
vertical tail is shown in figure 3. The vertlcal tall and ailerons were

SRR
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" set at zero deflection for all flights. The wing was set at zero inci-
dence with respect to the fuselage reference line. The longitudinal con-
trol consisted of an adjustable stabilizer, the setting of which was
adjusted prior to flight by means of a swrface plate and height gage.
For models 2 to 5 the wing-fuselage and tail-fuselage Junctures were
faired with doped alrcraft fabric.

The motive power consisted of a 5-inch HVAR booster with a similar
sustaining rocket in the model. Both rockete were modified to give a
thrust of about 3500 pounds for a period of 1.5 seconds and the sustain-
ing rocket was fitted with a high-pressure blast tube (Ffig. 1). to permit
locatlon of the rocket farther forward in the model. Separation of the
booster from the model was accomplished elther by the drag of the booster
or by the filring of the sustaining rocket.

The models were launched from a zero-length lsumcher at an elevaticn
engle of approximately 45°. Photographs of a model on the launcher are
shown in figure L.

Models 1 to I were equipped with telemeters transmitting continuous
measurements of normal, longitudinal, and transverse accelerations, in
addition to total-head pressure as measured by an orifice at the nose of
the model. Model 5 contalned a telemeter measuring the above quantities
plus angle of attack. In addition to the instrumentetion in the models,
& CW Doppler radar wnit was availeble for measuring model velocity, and
e tracking radar was available for obtaining renge and elevetion as a
function of tims. Atmospheric condltions were determined from & radio-
sonde released at the time of firing.

Fixed wide-angle cameras and 16-millimeter motion-picture ceperas
recorded the laumching. The flights were tracked for the first 4 to 5
seconds by 16-millimeter motion-picture cemeres. Pictures of a typical
launching teken with the wide-angle camers are shown in figure 5.

TESTS

The testing technique used was that of measuring the variatian, wlth
Mach number, of trim normal-force coefficlents at a constant horizontal-
tail deflection. From two or more models having different tail deflec-
tions, but the same center-of-gravity 1ocation, these data will give a

C
measure of control effectiveness, g;;. A plot_of the inverse func-

tion, ﬁgﬁ’ against center-of-gravity location §an be éx@;&polateq to.

zero +o obtaln memeuver points. The horizontal-tall deflectlons and
center-of-gravity locations used In these teste, along with the weights
and moments of inertia of the models, are given in table I. The moments
of inertia were determined by swinging the model as & pendulum end
timing the oscillations. e ——— iy

e
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The Mach number was computed from the followlng relations:

(a) subsonic

I
"
B
+
ﬁi
o
~—~
2
]
=

(b) supersonic

7.
(y_+_1Mz—Iy-
E_ 2
P 1
2y o _y =1yl
y+1  y+1

vhere H was measured by the totdl-head tube on the nose of the model,
and p was obtalned from altlitude and radiosonde data.

The Mach numbers given in figures 6 to 10 are subject to some
inaccuracies. The methods available at present for determining the Mach
nurbers for meneuvering models do not give values as accurately as is
desired for models exhibliting laerge gradients of trim 11ft coefficient
with Mach number as occurred on this configuration. Model 3 should have
the most nesrly correct values of Mach mumber. For models 1, 3, and L
the Mach numbers shown are believed to be correct within +0.02 near M =-1.0
with somewhat better accuracy at higher Mach mumbers and somewhat worse
at lower Mach numbers. For model 2, there appears to be a possible error
of +0.05 in Mach number near M = 1.0.

The Reynolds number based on the wing mean aerodynsmic chord varied

fram 5 X 108 at a Mach mumber of 0.6 to 11 X 106 at a Mach number of 1.k
for all flights. .

A chronological review of the test flights will serve to show the
reasons for the modifications made on the models during the test program
and to clarify the subsequent discussion of test results.

Model l.- After booster separation the model began a slow roll to
the left and followed & helical path. An examination of the motion
pictures of this flight indicated that the rate of roll amoumted to &
velue of pb/2V of about 0.0035. Preliminary reduction of the
telemotered date showed very smell normal acceleration throughout the
speed range but indicated large transverse accelerations in the transonic
and supersonic range. It was therefore concluded that the model had
wmsatisfactory directional characteristics and a larger vertical tail

was designed for subsequent flights, as mentioned previously.
N [}
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Model 2.~ This model also began a slow roll to the left after booster
separation but appeared to be rolling more slole than model 1. The
telemeter record showed large changes in normael acceleration through the
speed range with practically zero transverse acceleration throughout.

Model 3.- This model was intended to be trimmed for prectically zero.
1ift as was model 1 but had a different center-of-gravity location from
model 1. It was therefore expected to have normal acceleration values
very similar to that of model 1. After booster ssparetion the model
pulled up into an almost vertlcal path and did not appear to have any
roll during the time 1t was vieible. A cursory examination of the e
telemeter record indicated large changes in normal acceleration through
the speed range. Comparing this flight with those of models 1 end 2
1t was concluded that the results for model 1 were .in error, apparently
caused by lnadvertent interchange of the noxrmal and transverse acceler-
ometers after the preflight instrument calibration had been completed.

Model L.~ This model had been prepared for flight at the seme time
as model 3 and had the large vertical tail. Although 1t was now believed
that the larger vertical tail was unnecessary for directionel stebillty,
the offect of vertical-tall size on the longitudinal characteristics
was belleved to be negligible and did not warrant delaying the test %o
remove the larger tail. Model 4 also rolled to the left after booster
separation at a rate which appeared to be slower than that of model 1.

Model 5.- As a result of previous flights, it was concluded that

‘the large vertical tell was unnecessary so this model was flown with the
original tail. It was considered desirable to" incorporate an instrument
for measuring angle of attack so that the data could be computed as 1lift
and drag coefficlents as well as normal- and chord-force coefficients.
The flight of this model was only partially successful as the sustainer
falled to fire; however, the booster separated from the model at burnout
due to drag and some data were cobitained at subsonic speeds.

RESULTS AND DISCUSSION

Time-History Records

Time histories of the importaent parte of flight for models 1 to 5
gre given in figures 6 through 10. The most interesting feature of
the flights is the large chenge in normal acceleration as the model
traverses the transonlic speed rangs. The change in trim on model 3, for
example, was from O.lg at M = 0.8 to 18.4g at M = 1.1. This trim
change of 18.3g would amownt to 2.7g on & similar configuration with a
wing losding of 100 pounds per sguare foot and at an altitude of
20,000 feet. The change 1s observed both in the power-on and the power-
off parts of the flight. The magnitudes cf the normal accelerations
are not the same for power- on ¢ and nd PONGRS O] off flight at the same Mach

SRR
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number because of power effects. At supersonic speeds these effects can
be accounted for largely by thrust misalinement and varying weight during
powered flight. At subsonic speeds these same effects are present but
are augmented by the effect of the inflow into the Jet causing a downflow
over the horlzontal teil. Thils latter effect is discussed in refer-
ences 3 and k. The inflow effect would be considerebly less om a full-
gcale alrplane because of the smaller thrust coefficlents used.

As explained previously, the normal end transverse accelercmeters
on model 1 appaerently were interchenged aefter calibration and it was
possible to get only approximste values of normal and transverse acceler-
ations on this flight. The approximate normal and transverse acceler-
ations are ghown &8s dotted lines on the time history (fig. 6). A zero
shift in the longltudinal acceleration channel occurred on model 2 at
takeo-off, as evidenced on the telemeter record by the much more positive
values of acceleration than occurred on the other models. The curve was
therefore shifted alorig the acceleration axis to glve more reasongble
valuss. The resulting curve is shown dotted in figure 7, but the data
have not been used in the subsequent analysis. The variation of the

factor Kqé with time for all models is presented in Pflgure 1l. The

effect on the longltudinal characteristics of the rolling veloclty that
was obtained on most of the models was iInvestigated analytically by the
method of reference 5 and found to be negligible. '

Longitudinal Trim and Control Effectiveness

In figure 12 the normal-acceleration deta from the time histories
have been reduced to normal-force coefficients and plotted against Mach
number. In figure 12(a) the variation with Mach number of trim normal-
force coefficient for modsl 2 1s shown as & dotted line and is presented
for qualitative analysis only. At the rearwerd center-of-gravity position
(fig. 12(b)) a change of about O.4 in trim normal-force coefficient
occurs in traversing the transonic regiom. It is to be noted that this
trim change begins at epproximately M = 0.85, the Mach number at which
the drag rise also begins. (See figs. 13 and 1hk.) Wind-tunnel tests
on a wing similar to that on these models (reference 6) indicate that
the Mach number for drag divergence of the wing alone is also 0.85.

Figure 15 has been deiived from figure 12 and shows the variation
of control effectiveness B with Mach number at the average rearward
center-of-gravity position (0.168).

Because of incomplete data between M = 0.6 and M = 0.85 sand
because of the steep gradient of Cy against M near M = 0.9 (see

fig. 12(b)), the portion of the curve below 0.95 is doubtful end is shown
dotted. A decrease of about 60 percent in control effectiveness between

SOy,
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subsonic and supersonic speeds is indicated, with an even larger drop

neer M = 1.0. The values of A_%W in figure 15 are subJect to some

uncertainty because of small Increments between the curves of figure 12(b). _

Some values of %gl{ were estimated firom unpublished. wind-tunnel

data on & similar airplane configuration and these are shown in figure 15
for comperison with the measursed values. The measured = 1s somewhat
lower than that indicated by the wind-btwmnel data throughout the Mach
number range tested.

Inocluded in figure 12(b) 1s & curve of normal-force coefficient
required for trim in level flight for the airplane configuration with
e wing loading of 100 pounds per square foot and at an altitude of
20,000 feet. The values plotted are actually 1ift coefficlents but,
for the small engles of attack involved, 1ift coefficient and normal-force
coefficient can be considered equal. The horizontal-tail deflection for
trim wnder these conditions is shown in figure 16. Although most of the
values in f e 16 represent linear extrapolations of the measured data
(soo fig. 12(b)), it is believed that the curve gives a fairly good
indicetion of the trim changss that can be expected with this configura-
tion. A total chenge in horizontal-tail deflection for trim of aboub 5°
in the trailing-edge-down direction is necessary in accelerating
from M =0.6 to M= 1.0 with a further change of ebout 3° in the
trailing-edge-up direction fram M = 1.0 to M = l.k.

Results of tests on a similar alrplane configuration by the wing-
flow method (reference T) indicated changes of longitudinal trim and
control effectiveness with Mach number that are not as large or as &abrupt
as the variations obtained on the rocket-powered models. The reasons for
the differences are not definitely known but are probably explalned by
the following differences in testing technique: The Reynolds numbers for
the rocket models were of the order of 5 X 10° to 10 X 106 while those
for the wing-flow model were about 0.5 X 106; the air flow over the wing-
flow model had a Mach number gradient both spanwise and chordwise (refer-
ence T), and because of the method of comstruction end the lower test
dynemic pressures the wing-flow model was less flexible than the rocket
models. The wing torsionel stiffness of the rocket models may be found
by epplying a scale factor to the data of Pigure 3, reference 8 , which
glves measured vaelues of the torsional stiffness for geametrically
similar wings constructed of the ssme material. It may also be pointed
out that -fuselage interference effects, which may be lerge on this
type model, (reference 9) are difficult to simulate on & wing-flow model.

As stated in the description of the testing technlgque, the date
desired from the tests were records of trim normasl-force coefficient as
a function of Mach number. Since the model is decelerating constantly
during the time the data are teken and the abrupt changes in normal

QMBI T .0
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force teke place during a small time interval (about 1 to 2 sec), there
was scme doubt that the model would actually be trimmed. This effect
was Investigated prior to the tests by making a gtepwise calculation of
the model motion from M = 1.05 +H0 M = 0.90 on the Bell Telephone
Laboratories X-66T4h relay computer at the Langley ILaboratory using

time Intervalg of 0.001 second. 'Fhe aﬁrod,ynamic data used were from
wind-tunnel tests on a transonic "bump of a somewhat different airplane
canfiguration exhibiting trim changes in the transonic region of the
peme order of magnitude as those occurring on the models described herein.
The results of the calculations showed that the model would at all times
be within 0.1° of the trim angle of attack which is well within the
experimental accuracy.

Longltudinal Stability

. Dus to the doubtful accuracy of the normal-acceleration data on
model 1 it is belileved that meneuver points determined from those data
cennot be considered relisble and are thus not presented. However, the
data indicete positive stability throughout the speed remge.

It is possible to obtain an approximate value of the longltudinal
stability by epplying the method of reference 10 to the oscillations
in normal acceleration. This method 1s less exact when applied to pitch
oscillations, however, than when applied to yaw oscillations because of
the assumptions used in deriving the method. Model 5 was the only one
Por which a well-defined and fairly regular oscillation in pitch occurred.
An average value of Cma = -0.020 at a Mach number of 0.5 1s obtained

Prom this oscillation, which indicates a neutral point location at

about 0.40% for a lift-curve slope of 0.08 (see discussion of 1ift and
drag) . An attempt was made to calculate the stabillity from random
oscillations occurring during the flights of models 1 to 4. The results
geve values which had a very wlde scatter and it 1ls believed that these
rather small and irreguler oscillations do not give a reliable indication
of the stebility of the model.

Directional Stability

A1l of the models flown showed an osclllation of the transverse

acceleration. For models 1 to 4 this osclllation occurred only

gbove M = 0.85. From the periods of these oscillations and the method
of reference 10 values of Cph,, the directional stability derivative,
were calculated. The moment of inertia in yaw I, required for these
calculations was not measured on the models. It was assumed that for
this type of model I would be nearly equal to Iy, which was used
in the calculation of Cn - The values of Cj are shown In figure 17
and are for the two different center-of-gravitg positions and the two
tail sizes since the effects of these variebles on the values of Cn;3

G L e
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are within the experimental accuracy. This method of computing stability
parameters also neglects damping and the product of inertia term (refer-
ence 11) both of which have a small effect on ‘the perlod of oscillation.
The data show adequate directlonal stebility throughout the Mach number
range covered, Cp, for the origlinal model varying from 0.005 at M = 0.5,

to 0.016 at M = 1.15. Unpublished wind-tunnel tests on a similar air-
plene configuration indicate good agreement with the values of Cp ng in

figure 17.

Chord-Force Coefficlents

Figure 13 shows the variation of power-off chord-force coefficient _
with Mach mumber. The sharp increase through the transonic range 1s i
characteristic and a8 expected. No data are presented for model 2 due
to the indeterminate zero shift of the longitudinal acceleration chennel.

Lift and Drag

As explained previously, model 5 was equlpped with an engle-of-
attack indlcator so that the normal-force and chord-force data could be
reduced to 1ift and drag coefficlents. No 1ift and drag data are pre-
sented for this model, however, as the recorded values of aggle of
attack indicate & zero shift in the instrument of sbout +1I to +2°.
This error may be due to some asymuetry in the angle-of-attack vene
which causes 1t to float at some angle of attack other then zero, or a
zero shift in the telemeter frequency. The angle-of-attack data pre-
sented in figure 10 have not been corrected for this zero shift nor have
they been corrected for the effect of flighit-path curvature and rate of
change of angle of attack with respect to time. The vaxiations with
angle of attack of the normal-force coefficients are believed to be |

correct however. Using these data, ZﬁE averages 0.08 for a Mach number
of approximately 0.5 which is & reasonable value for this configuration.
An evaluation of the trim-drag coefficients can be mede using the

normal-force and chord-force date of this report and the angle-of-attack
data of reference 7. The results for models 3 and 4 are given in

figure 1h.

CONCLUSIONS

From the results of flight tests of rocket-powered models of a
representative alrplane configuration through the transonic region2 the
followlng conclusions are indicated: . B = I

SO
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1. At a constent horizontal-tail setting and center of gravity at
16 percent of the mean aerodynamic chord there is a change of about 0.4k
in trim normal-force coefficient between Mach numbers ofe®.8 and 1.0.
This change is in & positlve direction with increasing Mich number and
would emount to 2.Tg normal acceleration on & similar airplane with a
wing loading of 100 pounds per square foot and flying at 20,000 feet.

2. The effectiveness of the horizontal tail in changing the trim
normal-force coefficient of the airpleane is roughly 60 percent smaller
at supersonlc speeds than at subsonlc speeds with an Indication of an
even larger drop at & Mach number of 1.0.

3. A change in horizontal-tail deflection of about 5° in the
trailing-edge-down direction is reguired for level flight as the Mach
number increases from 0.6 to 1.0 with a further change of 3° in the
trailing-edge-up direction as the Mach number increases from 1.0 to l.k.

h. The directiomal stability of the model appears to be adegquate
throughout the speed range tested with values of the directional-
stebility parameter Cnﬁ varying fram 0.005 at M = 0.5 +to 0.016

at M = 1.15. Falrly regular directlonal oscillations of small amplitude
occurred on all the models.

5. At & Mach number of 0.5 the trim lift-curve slope is about 0.08
and the neutral-point location is at about 40 percent of the mean aero-
dynamic chord. No such data were obtained at supersonic speeds.

6. The trim change and drag break both begin at a Mach number
of 0.85 which agrees with wind-tumnel drag measurements on & wlng similar
to that used on the rocket models. '

Langley Aeronautical Laboratory
Natlional Advisory Committee for Aeronautics

Langley Field, Va.
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TABLE T

[The following data apply to the unpowered portion of the Flights.]

Welght Center-of-gravity { 1Moment of Horizontel
Model (1) position inertia, Iy |tail setting
(percent M.A.C.) (s1lug-ft2) (deg)
l 3.28 -6 -,'l-nz 30.)4- 0
2 131{- -3 ")-l-a7 3’-'— -ll- 'l 072
128 .8 16.h 30.7 0.12
L 127.8 16.6 30.3 1.00
5 149.9 15.7 27.2 2.1

For celoulating Cpg 1t was assumed that I, = Iy.
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Side view

Figure 2.- Photographs of the model.
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Figure L.- Photographs of the model on the launcher.
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t = 0.6 sec

A
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t = =0.4 sec

Figure 5.- Photographs of a typical launching.
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